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smmARY 



A study to evaluate the status O'f water quality' 
In, lahshe L^e was carried out duriiig, the^ simmer' of 1971, 

Kahshe Lake lies in the Precambrian Shield, The 
area, is characterized by undulating land,, good local drainage 
and shallow .overburden covering' Precambrian bedrock. The .shoreline, 
is dominated by rock and boulder till with an occaslo'iial area of 
thin, overburden. .Both the nature of the soil and topography 
surrounding the lake can be considered ittsuitable for co'ttage 
developii.ent utilizing standard ieubsur.face septic tank syst« 



Thermal atratlfication was observed in the lakej 
coupled with an oxygen depletion and a carbon dioxide increase in 
the hypoliimion. A carbon dioxide buildup was observed, .betwe,'en 
the surveys;. 

The chemical water quality was characteristic of 
sof t.-water Precafflibrl,a.n- IskeS'. The use of detergents coiitalning 
phosphorus is unnece,ssary in .such soft water and should be .avoided by 
s.rea residents ,, 

Nitrogen and phosphorus eoncentrationS'^ were gener,ally 
low J however, the concentrations were consistently high near the inlet 
of the lahslie River ,- 

Ghlorop.hyll £ concentrations were low and reflect 
a Low to moderate .pr.oductive cap.aeity or mesotrophic status, 

lahshe Lake had good bacteriological water quality,,, 
well within the OWIC criteria for recreational use, during the. three 
surveys* However, slightly increased bacterial concentrations, were 
coneietently observed near the inlet of the fahshe liver and at, the 
lahshe River outlet* 



iv 



In order to maintain the existing 'water quality 
every effoct should be made tO' ensure that -no! direct flow or leactate 
from, domestic waste disposal sy6tai;S or otlier potential eo'ii-reea of 
pO'llutlon gain, access to the lake,. 



IITIODUCTION 



Ifa.intena-nce of good water quality In, reereatlO'nal 
lake.s in the Province of Ontario Is of vital coneerii to the OntarlQ' 
Water Resources Conmlssdon, the OiitarlO' D'epartmeiit of the Environment 
and other governmental agencies- involved In touriaii .and the control 
and i^nagsment of shO'reline development o-f cottages and resorts.. 
In 1970 an interdepartmental pro-gram was established to survey a 
nijiiber of recreational lakes in order to detect and correct sources 
ai water pollution and ensure that our- lakes would be -well 'managed 
to protect water quality. The 'Ontario Department of Healths, whos« 
jurisdiction in this program, was transferred to the De'partment of 
the.; InviroiMaent In December 1971, would carry out on-shore ln.spectio"n 
and correction of faulty 'private' ■w.aste disposal 8'ystaQ,s, whereas the 
Ontario Water Resources Coi^iseion would eval'uate the existing water 
quality of the respective lakes. A record of the present status o-f 
the prlvat'e waste disposal sy sterna and the lake water quality would 
.al.'So be documented for comparative use .in any future studies, 

.Recreational lakes are .subjected to two ma.,jor types 
of water quality impa'lrment ; bacteriological contaiiinatlon and 
excess.lve growths of algae and aquatic weeds (eutrophieation) . The 'two 
problems ma'y result fram a cemnon so'ur'ce of wastes hut the 
consequences of each are quite different. Bacteriological contaii(il,n.ation 
by raw or Inadequately treated eewage poses an iimi&diate 'p'ubllc health 
hazard If the water la used for bathing. In order for this to occur, 
raw wastes or septic tank effluents 'must gain entry to the lake 
although it may not be obvious upon visual ins.'pectlon of the site. It 
must, he not'cd that no surface water is considered safe for human 
conftimption without prior 'trea'tment including disinfection, 'Th.e 
algae and weed growths Impair ae.sthetic values and .recreational 
use of a lake but seldom pose a health hazard. There are nutrient' 
sources other than sewage 'wastes which do not create serious bacter..ial 
hazar-ds hut do support .nuisance plant growths such as agricultural 
fertlliz.er losses and normal nutrient runoff from forest and field.. 



In order to carry out its responsibility of 
evaluating the status of water quality in recreational lakes, the 
Ontario Water le.sources Co^ilssiO'ii undertoolc a study on Kahshe 
.Lake in the symmer of 1971. Three su.ryeys.. were coaducted; a spring 
.survey from May 27 to 31, a mtd-sunmer survey it^om .August 24 to 26 and 
a fall survey from Octoher 11 to 15 inGluelve, These s^'tudiee 
Included the assessment of bacteriological ^ physical , chwaical and 
biological conditlona of the lake with stress being placed, on the 
bacteriological and nutrient enrichment problem, 

.Sampling surveys were conducted on .an intenatve 
basis (sampling each day for a minimum of five days) which is 
■maadatory for a reliable assessment of bacteriological conditions. 

In addition to the results obtained from these 
studies J Infomatton from other governmental agencies has been 
incorporated in this report which is the Ontario Water lesources 
'Coimission's contribution to the Interdepartmental Task Force 
Report which will deal with the overall cottage pollution control 
pro gram in Ontario. 



MMA DISCIIPTIOI 



Geography and Topography 

Kahshe Lake is located in the Town of Gravenhurst , 
District -liinlcipality of Muskoka, and is appreximately 11 klloiieters 
(7 'aileB) eou'theast of the urban area of Gra:¥eiihurst . 

Kahshe Lake lies in the Canadian. Bhiald,. It ±s a 
stellate-shaped lake dotted with naay ialanl,s and rock otttcropplngs (Fisure 1) 
It has 52 kilometers (32 miles) of lrregiil,ar ahorellne "with an 
additional 23 kilometer a (M miles) of isimnd ahoreline. 
It has a aurface area of B square kilometers (3 square miles) 
excising 1 square kilo:met,er C0''.4 square mileei) of islande. The lake 
has a maximum, depth of 20 meters (66 feet) , however two-thirds of its 
aurface area is leas than 6 meters (20 feet) deep. Ita total 
¥olutte is approximately 68 cubic hectomiet#rs (55,000 acre feat). 



Ihe iMiedlate watershed of the lake, which includes, the 
area draining IntO' the. Kahshe and Gartersnake risers .and the sinall 
lakes through which they floWj consists of 22:0 square kilometers 
(ifi square miles) of hilly to undulating land,, The land Is. nost.ly 
granite rock with little or no overburden and pockets of lendlgo soil. 
This soil is a loamy sand with a Podiol profile and offers good 
drainage. It is strongly acidic and consists almost entirely oif a 
medium-sliied sand. The .sboreline is d.omin.at.ed by rock and boulder 
till, with an occasional .area .of thin ■overburden. The s.urro.unding 
area is 'ii.od.erat.ely to heavily for©s.ted, with a mixture of deciduous and 
'Coniferous trees. Both the nature of the soil .and. topogr.aphy 
iBurroundlng the lake can he .co.naid..ered as u.n,.euit.able for' eott.a,ge 
development utillging standard subsurface eeptic tank .syai 



Climatic Range 

The area has a mean d.ftily t.emp.erature of -§..,4 C (13°f) 
in January and a mean temperature of 1'9°C.. (66°'l) .in July., The mean 
annual precipitation is 1 meter (40 inches) including 2.5 meters 
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(96 lnch.e,g) of snow. AccoTdliig to neteo'fologlcal records ,, the area 
enjoysi about 20'0' days yearly with nO' measurable precipitation* Thie 
sufiainer climate is conducive to nost recreational activities and the 
winter ■ with its abuiidaRce of snow proviiee for participatlO'n. in, /most 
winter spoTts,. 

Watar Movement 

lahshe 'Lake, is part of the Georgian Bay fe'oalnal 
Drainage Basin, laee Lake,, which Is fed. by the Kahshe and Gartersnake 
rivers ;, flows Into laliBhe "Lake via the .Eahahe Mver whlch» is one of 
the lake* IS two najor inl,ete. The other inlet is a Htt'all creek 
flowing Into the lake at Station 39 » fr'om Three ml© Lake, 'The 
two outlete are in the southwest part of the lake with the .major 
outlet being ,fahahe liver, I.t.^^ outflow .is controlled by a stop-log 
d,am which is .O'lmed b.y the. Department of Lande and Iore,sts and 
operated, by the Town, of Gravenhurst,., The o-ther outlet is the ,South 
Kahshe Mver which flows tntemitteatly from the .louthwest tip of 
Grant Bay to J,ciiin tht main branch of the tohshe River about 
3 klloaetere (2 mles) iO'WH.streaii, The Kahshe .li,ver then flows into 
Sparrow Lake which flows via the Severn Mver into Georgian B.ay. 

.Shoreline Deve lopmfin,t 

There are., approximately 430i cotta,ges on Kahehe 
Lake. -'Ihe lake is well .deve.ioped aro'Und K-lue.y.s Bay, the southwest bay 
near the Kahshe Mver outlet,, and along both shores .of the northeast 
hay near the Kahshe Mver inlet.. 

Water Usage 

"The ^jority of 'the cottage O'wners use the lake 
water as their source of domestic water aupply. The lake supports 
recreational water sports such as fishing, boating, water skiing and 
swinming. According to inforTtiation available from the Department 
of Lands and Forests, the lake supports a reasonably good fishery 
of smallmouth bass, herring j yellow perch, pike, muskellunge ani 
various forage species. 



There ar© no" direct dischargee of wastes Into lahshe 
Lake from coamiunal ox launteipal sewage treatment factlltles, ftiere 
does no't appear to be any contamination from the operation O'f tbe 
existing nuiilcipal solid waste dlsjposal sites. 
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Physical, Chemical and Biological Field .Ifethods,' 

.fhyslcal,, chCTiical and 'biological water qualltf 
sOT'veya were co.ndvcted on Kahshe Lake from la,y 27 to 31, August 
10 to 24 aid Qetober 11 to 15 Inclusive. Three near-Bhore StatiO'aii 
(9, 16 and 44): and fo^ur mid-lake stations (3, 24. 26 and 31) were 
selected for physical, chemical and hlolO'glGal sampling (Ilgiirm 1) ,: 

laar-ihore statlona were close to major Inleti and ontletS:, 

DlsEolved o3cygen and t'emperatiire proflle.s were 
■determined daily in the field using a comfeination dissolved oxygen- 
tele the'imometer unit. Tot.al alkalinity and free carbon dioxide were 
measured daily titrimetrically and pH. was measured with a portable 
pi meter. Dally chlorophyll samples were coillected in a 32-ounc.e 
bottle, at each istatlon, utilizing a e-omposite sampler lowered 
through the euphotlc z-one (2X Secchl disc) and immediately preserved 
with 10 - 15 drops of 21 MgCOj. 

Once per survey a 31-oitince ,i.ample for hardness » 
alkalinity J, chloride, total pho'sphorus's total Kjleldahl nitrogen, iron 
and conductivity was collected at the mid-lake Btationa 24, 26 and ,31,, 
as well as at the major Inlets and outlets... The :mld-lak.e ,st.atlone 
were s.ampled using a composite sam,pler through the ©uphotlc ion,e. 
At inl,ets and outlets, .s.amplee were collected from 1 meter of depth 
uel'iig a l,Mn»rer sampler.. 'Extra chemical s.amples wir,e, Bl.ao collec'ted at 
Stations 26 and 31 on August 25 and 2§..,., 

Fhyslcal .J Chemical and Biological Laboratory Methoda 

,A1,1 analyises were carried out u.slng routine OmC 
methods based om. Standard Methods 13th Id,itlon. 

,Iron was measured afte,r the sample had been digested 
with acid to dlseo.lv,e all forms of iron present. 



Kjeldahl nitrogen and tO'tal phO'Sphorus were 
determined after the s.aiQple was digested with acid ■ami. an. oxidizing agent 
to destroj orga.iii€ natter.. 

'For chlorophyll d.et.erminatiQn..s j 1 liter samples were 
filtered through a 1.2 ;u, membrane filter which was then, extracted 
with 90% acetone for 24 hours* Absorbance of the extract was 
detemined at wavelengths 60€ to 750 mu usiag a Unicam S'PISOO 
ultra violet s pec tropho tome ter. The concentrations of chlorophyll 
a were calculated using the ©quation given by Bichards and Thompson (1952) . 

Bacteriological Field and Laboratory Methods 

Five day intensive ■bacteriological sarveys were 
completed on Kahshe Lake during' May^ August- and October. Forty-four statlong 
were sampled each day at a depth of 1 meter below the surface using 
eterlle.s autoclavable polyearbonate 250 nl bottles. Mditcnal samples 
were collect'.ed at Stations 240^ 26B and 31D (Figure 5) one meter abo^ve 
the bottom using a modified "piggy-back" sampler and sterile 237' ml 
evacuated, rubber air syringes. ,A1,1 s-^iples were stored on ice and 
delivered to the mobile laboratory within two to six hours and ,an,alysed 
for total ooliforms, fecal coliforms and fecal streptococcus using the 
memb,rane filtration technique (Iff) (Standard Methods 13th Edition) 
,e3Ecept that m-Endo Agar Les (Dlfco) was used for fecal coliform 
determinations , The total coliforms (TC) fecal coliforms (FC) 
and fecal streptococcus (FS) were used as "indicators"' of 'fecal 
pollution. These "lndicator,s" are the normal flora of the large 
intestines and ,are present in large numbers -in the feces of man 
and animals. When water is polluted with fecal materials, there is a 
potential da,nger that p,athogens or disease causing mi,cro-organisma 
may also be present. 

The collform group is defined, ,accordlng'' to 
Standard Methods 13 th Edition, as '"''all of the aerobic and faculatlve 
anaero'blc, gram-negative,, non-sporefo-ming rod-shaped bacteria which 
ferment lactose with gas formation within 48 'hours at 35' 'c''* and, 
or "all organisms which produce a col,ony with a golden green metallic 



sheen, within 24 hours O'f incu'bati'On" using the W technl,fiie.. fhla 
definition Includes,,, In addltioin to the Intestinal fo'rma of the 
Eachierichia coll group, closely related bacteria of the genera 
Citrobacter md Enter oh acter , The Enter ohacter - Citrohacter 
groups .are conmon In soil, but are also recovered in feces in saall 
numbers and their presence in water may indicate soil runoff or, 
more Imporitant, less reeent fecal pollution since these organisms, 
tend to survive longer in, water than do meMbera of the Eecherichia 
groups and even tO' •nultlply when eultable environmental coini,itions ejclst:,, 
A more specific test for colifo^miSi of intestinal origin Is the 
fecal coliform test, with Incubation' of the organisms at 4-4:«5"'jC',: 
Though by nO' means coaplet,ely selective,, for Escherichia coli , this 
test has proved ueeful as an indicator of recent fecal pollutio'n, 

.Fecal streptococci (or enteroeoccl) are also 
valuable indicators of recent fecal pollution. 'These organisms 
are large,, ovoid gr.am,-poisitive bacteria, OGCurring in chains, ^Th,ey 
.are normal inhabitants' of the large, intestine of aan and .animals, 
and th.ey generally d>p no't multiply outside the' body. In waters 
polluted with fecal nLaterial,, fecal streptococci are usually found 
along with colifo.ra bacterl,a, but in .smaller nuabcrs, although in some 
waters they nay be found .alone. Their preBence,, along with 
coliforns, indicates that .at least a portion of the coliform,s in the 
e.ample, a,r.e of fecal origin. 

Bacteriological Statistical, Methods 

Fluctuations In bacterial c,on.cen.tratiQns due to 
Gh.anging environmental conditions require that a great number of 
samplea: be taken to arrive at a mean value which ie representative of 
a specific s,aaple location or sampling area. The ii,0'St approfria,itiB 
■iea,n for bacterial numbiers .and this type of data Is th.e geom.etrl.c 
mean. The vast quantities of bacteriological data generated from 
these ,s.mBples necessitated, the development of a.d.ditiona,l statistical 
methods to eu^arize the mean results into- a more conei&e 
presentation* The statistical methodB used are based .on the 
analysis of variance* Die stations on a lake can be groupei by this 



method Into areas or groups of atatio'ns with the smne. statistical 
bacterial level ,^ without the bias nor^lly aseoeiated with manual 
inter pr etat ion . 

The a.nalysis of vatriance is particmlarly 
effective where bacterial coacentTation.S' vary slightly throughout 
the. lake. Areas or stations with slight differences in bacterial 
concentrations can be isolated. Areas or statlone with statiatieally 
higher bacterial numbers reliably indicate an input. 

The results from, .all the analyses were organized. 
as replicates representing the stations during the survey period. 
Ml data were transformed to logarithms (base 10) and all further 
analyses were done using these transformed data, A geometric mean 
(the antilogarithm of the average of the logarithm) was calculated 
on each station and for each parameter. The validity of the analyses 
of variance program (MOVA-CRE: Burger, 1972), was based on the 
assumptions that the variances of all the stations were similar 
(Bartlett's test of iiomogeneity) and Lhat the data were nornially 
distributed. Both these assumptions were checked on Kahshe Lake 
with the resulL that stations 3, 26 and 46 had excessively high 
variances in their TC counts during the October survey and had to 
be treated separately. The analysis of variance (F-test; Sokal, 
1969) was calculated Jn all the stations. If the F was significant, 
then the multiple-t test was used to help determine the stations 
which should be deleted from the overall group to yield a 
homogeneous group of stations. The withdrawn stations were regrouped 
with respect to geographic proximity and similar means. The 
calculations on all groups were repeated using the analysis of 
variance program unicl each discrete group was homogeneous. The 
homogeneous groups tiiat were geographically isolated were compared 
by means of the Student-t test (using the log GH and S.E.) which 
indicated the statistical difference between these groups. The 
Student-t test was also used to compare the grouped bacterloiloglcal 
data from the three survey S'.»-. 
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DISCUSSION' O'F RESULTe 

Teiiperature. and ■Dissolved ■O'e.ygen 

In, May there was a taaperature difference of 8' C 
between the surface '(li^C) and bottom (7°C) waters (Figure 2a). 
DissDlved, oi^gen saturations were lower in the deeper strata (781 
sa,.turatlO'n,) than, in the ■surface waters (110% saturation). 

During August , a well-defined thermoclliie was 
evident between 6 and .9 meters (Figure 2b) . A significant dissolved 
oicygen decrease was evident th'rough the mBtallim.ion with low o3cyge-n 
values In the hypollnmlon, Hypollmnetlc .oacygen deflcita result from 
bacterial oxidation of organic mat-ter, biological respiration and 
ch.emical oxidation of organic ■material. The reduced oxygen In the bottom'. 
w.ater Indicates that there was not a great deal of circulation between 
the: bottom and surface.. 

.During the October survey, thernial stratification was 
absent at ..Station 24 (Figure 3a).. Th..e uniform temperature and 
dissolved o'xygen saturations Indicate that autunmal circulation, had 
©.CGurred. In contrast, at B.tation 31, (Figure 3b) .fall turnover was 
not .complete. A eevere oxygen decline occurred through the met.allmni.on 
(63% to 8% saturation) J probably as a res'ult of decomposition of 
organic matter* 

pHj Total .Alkalinity and Free Carbon Dioxide 

■■'The pH values in Kahshe La'ke were .slightly acidic, 
being consistent with eoft-water Precambrian Lakes. In general, the 
..surface pH values were high.er tha.n those of the deeper strata. For 
example,, at Station 31 on August 2.1, values at 1 and 16.m were 6.3 
and 5.3 respectively.. 

Surface alkalinity values were low and. ranged from 3.8 
to 10^.2 mg/lj 3.2 to 6.1 :mg/l and 4. .8 to 13,5 mg/1 for the May, August .and 
October surveys resp^ectively .. Alkalin.i.ty values were generally higher in 
the bottom than In the surface waters. Specifically, on May 29 at Statlo^n 
24, values were 6.. .5 and 7,2 mg/1 at Im, and iinmediately above the. 
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sediment respectively. A build up of carbon dioxide' was evident In the 
bottom waters of Station 31 where the concentration was 6.0 mgfl on May 
31, 14.3 mg/1 on August 23 and 21.7 mg/l on October 14, 

Reduced pH values in the hypolimnlon are due to the 
accumulation of carbon d±-~ .ide derived from organic deeonpoeition 
while the increased alkalinity is related to the release of bicarbonate 
from sediments by bacterial and chemical action in conjunction with. 
ealcxumj magnesiuidj iroDj manganese and ammonia. 

Hardness, Chloride, Conductivity and Iron: 

The hardness chloride conductivity and iron data 
(Table 1) were norittal for soft-water Precambrian lake-s and were 
conslBtent with each other confirming that no unusual 'mineral 
characteristics were present. Detergents containing phosphorus are 
unneces'sary in such soft water and their use eho-iil.d be avoided by area 
residenta . 

Kjeldahl litrogen and Total ■Phosphorus 

'■ Surface concentrations of Kjeldahl nitrogen and 
total phosphorus (Table 1) at the mid-late stations were, generally 
low and would not be expected to cause any algal problei^.. 'There 
were high concentrations of both nutrienta at the surface at itatlon 
24 on 'May 27 and in the hypolimnion at Station 31 "In October. Total 
phosphorus concentrations tended to be higher in 'the surface water 
near 'the end of the August survey but decreased during the extra, 
two days of sampling, (.Aug'ust 25 and 2,6),. 

Concentrations of both nitrogen mn4 phosphorus wtere 
consiS'tently high near the inlet of the Kahs'he River,. 

Gblorophyll ^ 

The chlorophyll m Concentrations and Seechl disc values. 
from Stations 13, 24, 26. and 31, are presented in Table 1. Chlorophyll 
_a .levels were low to moderate .during the three sampling periods ^ r,an,glng 
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from 1,8 tO' 3,1 pg/l, 2,9 to 6,4 jig/1 ani 1.3 to 3.2 pgil iow the 
■May,s Auguat: and October muTwmys respectively. These ^alutea ate 
indicative oif low algal populatiQna,,, 

Water clarity j, which liS one o^f the more important 
pa;r.ametera used In defining water quality j ua:y be meaimrei ttiing a 
Secchl dlac. Figure 4 presents a chlorophyll a - Secchi dleC' 
r&lationship for a mmAet of so:rf ace waters «md reflects the '"''trophic 
status"'' of Kahshe Lake in relation to nuiierous other well ..taaown 
recreational lakes, in- the PrO'Vlace (see Brown, 1972 for derlvatioo. of" 
chlorophyll a Secchl disc relationship), "With respect to figure 4| 
■'IMishe: Lake is positioned In close, proximity to values. O'bserved for 
Lake Ontario .ani Eastem la.sin of" Lake IriE and ia well reioived fro.m 
Gravenhurat lay and Elley Lake (District of Musfcoka) , two' extremely 
enrlch.ed hodlee of water. The la'ke is well displaced from 
.ollgo trophic L.ake Josep'h and 'may t'here£.0're b.e olasailf led .as m.es.otrophlG..,, 



lacterlology 

"Kali.8he Lake durimg the three survey piBrlo.ds was 
well within the criteria for tot,al bo-dy contact recreational use O'f 
mm TC/10'0' ml, 100 IC/lOO ml, .and 20 IS/100 ml,, b.aeed on a geom,etrlc 
.of not l.ess than 10 saEqple..s In one month (OWIG, 1'570), 



In the 'May survey, th,e najorlty O'f stat.,lo.ns. were 
Included In Group A (figure 5) with overall g,eom,et.ric mean (OI.) 
bacterial levels of 38 TG/100 ml, 1 FC7100 ml. and 1 fS/lOO ■«!,.. The 
TC l.e.vels. of the three ,depth stationi C,24,D',, 26Ds 31D) were unifoTimly 
lo.w.er th,a,n. G-roup A.. S'tation 22, in a wide hay wlt'h ve'ry little cottag.e. 
,d,evelopBient., .and Station, 38, a mid-lake station, both 'h.ad lowe.r TC 
co,ncen,tratl..oiis of 15/10'0 ml and 16/100 ml respectively.. 

Two small areas. Group B at the major outflow and 
Group C at the major Inflow displayed slightly higher FC levels than 
Group A (Table 3) . Group B with a geometric mean of 5 FC/lOO ml 
indicated a slight bacterial input probably from che lodge and marina 
near Station 8. Group C, with a GM level of 4 FC/lOO ml indicated a 
bacterial input from che Kahshe River and Bass Lake (Figure 5) , 
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Bay of Ouinte (1967) 

Riley Lake (1969) 

Lake Erie (West Basin) (1970-71) 

Gravenhurst Bay (1971) 

Uike Ot^itario (1970-71) 

Lake Erie (East Basin) (lf?0-ll| 

Lake Superior (1967) 

Lake Huron (1970-71) 

Lake Joseph (1969-70) 

Kahsbe Laks, Menri Vaiues 

Kahshe Lake., Individual Values 
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SECCH! 0«SC METERS 

The relationship between chlorophyll a and Secchi disc as determined from the recreational 
lakes suTTeyed in 1971 as veil as the individual chlorophyll a - Secchi disc values for Kahshe 
Lake. The Great Lake values were added for comparative purposes. 



'KAHSHIE LAKE 




In August, the majority of the lake (Group A) had 
mean bacterial concentrations of 11 TC/lOO ml, 2 FC/lOO ml and 2 FS/lOO 
ml (Figure 6) , Groups B, C and G at the southwest end of Kahshe Lake 
were characterized by a significantly higher FC level of 18/100 ml. 
Groups B and G had higher FS levels of 6/100 ml and Group B, encompassing 
the major outflow, had a higher TC concentration of 148/100 ml. 
These higher bacterial levels were attributed to heavy recreational 
use associated with the cottage development and the lodge and marina 
In that area. 

A statistically higher- FC level of 5/100' :1lL, wag 
reC'drdei at Gro'iip" "B at 'the ttortheaBt section, of the lake. However,, 
StatlO'n 44, at the I'uflow from 'the Eahshe River showed the lowest 
IC level of this. gr,oup iffiplying: an additional Input from the cottaged 
storellne bordering the r'Smaiiilng three s^tatio'iis of Gro'Up D, Higher 
FC co'ttcentratlione were aleo' observed at Statlooe 30' and 40. aad Groiips 
1 and: F (Figure S) and a slightly higher .IS co.ncentratioii was obaerved 
at Statio'n 2, The Muskoka AlrpO'rt Cllmatological StatiO'Q 'recorded 
*16 Inches oi rainfall O'H Apguit 22. Theee' slightly Increased bacterial 
levels may have reamlted ,£'rom, rainfall induc'ed runoff. 

In Octob'sr, the FC and IS denaltles were 'unlfoiriLLy 
low throughout lahshe Lake at 2/100 'inl and l/lQiQ al respective,l,yg 
with the exception of s.everal Isolated stattons that had etatiiStically 
higher mean levels* 'These escceptlons 'werei Station 34 with, 6 FC/lOO 
'ml and 4 fS/100 ml, S;-tatlon 43 with 4 ISV'IOO nl, Gro'iip 'G^ with. 
4. FS/100 ml and Station 2, within Group G with 5 FC/lOO ml (figure 7) , 
Statio.ns 26 and 46 (Gro'up F) and Station 3 ahowsd very- high variance 
in "TC counts 'laii had t'O" be pla'Ced In a S'Sparate grouping (lartlett's 
Test 'Of Homiogenelty)' , Group F,, situated at a narrows',, divld'ed Kahshe 
.Lake- into two najor n,an-elgnlflc,antly different (Student *e t;; 
t «' 0.6055|, degrees of freedooi, df = 167) groups i Group A wl'th. 326 
T'C/lOO ,ml and Group 1 with 547 tC/lOQ 'ml. Although removedj Group F and 
Statlo'n 3 'had aeans similar to the main body of 'the lake (Figure 7:) 
lmply,i,ng similar bacterlologlca,l conditions prevatled 'O'Ver most of 'the 
lake. Group C, at the Inflow from, .Bass .Lake via the lahshe. liver 
eadilbited a lower TC concentration .of 127/100 ml« Groups D and 1, at 
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the two main outflows with 44 TC/lOO ml and 100 TC/lOO ml 
respectively were both significantly lower than the main body of the lake 
(Table 3). The depth stations (24D and 31D) also had significantly lower 
TC concentrations of 52/100 ml and 53/100 ml respectively. 

Generally, the FC and FS concentrations remained 
very low throughout the three surveys. In May, the TC concentrations 
on the Iwke were low. In August, the TC levels were even lower, however 
these low levels may be attributed to the masking effect resulting 
from a ten to twenty fold increase in background bacteria from May 
to August. The TC levels in October were much higher than in either 
previous survey probably because of the presence of normal soil 
organisms in the lake which, although not indicative of fecal 
pollution, gave a positive TC reaction. Although the lake was well 
within the OWRC criteria for recreational use during the three surveys 
completed, all surface water should receive treatment, including 
disinfection, before it can be considered potable. 
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TABLE 1 

Iron, Hardness (Hard.), Total Phosphorus (P) , Kjeldahl Nitrogen (N) , 

Chloride (CI) and Conductivity (Cond.), for Kahshe Lake 1971. The^ 
results are expressed as mg/1 except conductivity which is pmho/cm . 

Station Depth Date Iron Hard. P N 01 Cond. 

9 Im 29/5 0.25 11 0.008 0.28 1 32 

16 Im 29/5 0.25 11 0.012 0.56 1 32 

24 4m 27/5 0.25 12 0.052 0.74 1 34 

14m 27/5 0.40 11 0.016 0.50 1 34 

26 4m 27/5 0.25 11 0.020 0.36 1 34 

20m 27/5 0.45 12 0.044 0.56 1 33 

31 Im 28/5 0.40 11 0.016 0.24 1 32 

31 Im 29/5 0.25 11 0.008 0.26 1 32 

44 Im 29/5 0.35 11 0.052 0.54 1 35 

9 Im 24/8 0.25 12 0.024 0.24 2 33 

16 Im 24/8 0.20 12 0.022 0.34 2 32 

24 6m comp 24/8 0.20 12 0.020 0.42 2 32 

26 6m comp 24/8 0.20 12 0.032 0.36 2 32 

26 6m comp 25/8 0.20 11 0.016 0.42 2 33 

26 6m comp 26/8 0.20 11 0.015 0.38 2 32 

31 5.4m comp 24/8 0.20 12 0.028 0.44 2 33 

31 6m comp 25/8 0.15 11 0.014 0.35 2 33 

31 5.6m comp 26/8 0.15 11 0.014 0.36 2 33 

44 Im 24/8 0.40 12 0.036 0.56 2 32 

9 Im 15/10 - 11 0.024 0.43 2 

16 Im 15/10 - 11 0.019 0.33 2 34 

24 5m comp 15/10 - 11 0.014 0.32 2 34 

24 10m 15/10 - 12 0.060 0.80 1 34 

31 5m comp 15/10 - 11 0.018 0.38 1 32 

31 11m 15/10 - 11 0.070 0.80 2 34 

44 Im 15/10 - 12 0.040 0.55 2 36 



*comp - composite sample over the depth specified 
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Table 2: Chlorophyll a and Secchi disc values for Kahshe Lake, stations 13, 24 
26 and 31, during 1971. 







Station 


13 


Station 


24 


Station 


26 


Station 


31 






Chloro a 


S.D. 


Chloro a 


S.D. 


Chloro a 


S.D, 


Chloro 


a 


S.D. 


May 


27 


1.8 


iig/1 


- m 


2.1 


ug/1 


- m 


2.6 


yg/i 


- m 


2.5 


yg/1 


- m 


May 


28 


2.3 




- 


2.1 




- 


2.3 




- 


2.6 






- 


May 


29 


2.4 




- 


2.6 




- 


2.3 




- 


2.3 






- 


May 


30 


2.9 




2.0 


2.5 




2.5 


2.5 




2.5 


2.0 






2.5 


May 


31 


2.8 




- 


2.5 




- 


3.1 




- 


2.1 






- 


August 


20 


3.6 




3.0 


3.7 




3.0 


2.9 




3.0 


4.0 






3.0 


August 


21 


6.4 




3.0 


3.9 




3.0 


4.4 




3.0 


3.7 






3.0 


August 


22 


4.6 




3.0 


5.0 




2.7 


3.8 




3.0 


5.1 






3.0 


Augus t 


23 


5.9 




3.0 


3.9 




3.0 


4.4 




3.0 


4.2 






3.0 


Augus t 


24 


5.4 




3.0 


3.7 




3.0 


4.1 




3.0 


4.6 






2.7 


October 


11 


2.4 




2.3 


2.0 




2.1 ' 


- 




- 


2.7 






2.1 


October 


12 


1.7 




2.5 


1. 8 




2.0 


- 




- 


2.4 






2.5 


October 


13 


- 




- 


- 




- 


- 




- 


2.3 






3.0 


October 


14 


1.3 




2.0 


3.2 




2.5 


- 




- 


2.7 






2.5 


October 


15 


1.7 




2.0 


2.3 




2.5 


— 




— 


3.0 






2.5 



Chloro a 

S.D. 

pg/1 



m 



= Chlorophyll a 

■ Secchi Disc 

= Micrograms/ litre 

= meters 



EXPLANATION OF TERMS IN BACTERIOLOGICAL TABLES 



F - the calculated analysis of variance statistic 

on F ratio. 

df - degrees of freedom of the F ratio for "between group" 

and "vrithin group" variation. 

F(5%) - the F ratio from a statistics table (Rohlf 1969). 

If the calculated F is greater than the F(5%), a 
significant difference (SD) occurred between the 
groups in the analysis. If the F is less than F(5%), 
no significant difference (NSD) occurred. 

log CM - the logarithm (base 10) of the geometric mean. 

S.E. - the standard error of the log CM where 

S.E. = s and s = standard deviation 

NAT 



N - the number of values in the mean. 

GM - the geometric mean of the bacterial level. 

t - the calculated test of significance or student t-test 
used to compare stations, groups and a survey. 

If t for the number of degrees of freedom shown is 
greater than the critical t value, a significant 
difference (SD) occurs. 

SD refers to a significant difference at the .05 level 
but no significant difference at the .01 level. 

SD* refers to a significant difference at the .01 level 
but no significant difference at the .001 level. 

SD** refers to a significant difference at the .001 level. 
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TABLE 3 

Sunnnary of Analysis of Variance Grouping of Stations 
Parameter - Total Coliform (TC)/100 ml 



SURVEY 


MAY 


27 - 31 


AUGUST 20 - 24 


OCTOBER 11 - 15 


Group 


All 


Stations 


All 


Stations 


All Stations 


F 




4.992 




1.333 


3.140 


df 




48, 185 




48, 192 


48, 174 


F(.05) 




1.447 




1.445 


1.451 






SD 




NSD 


SD 


Group 




A 




A 


A 




All 


stations 


All 


stations 


Stations 




except 


except 


1, 2, 4, 5. 6, 8, 




22, 


24D, 26D, 


8. 9 




10-14, 17-25, 26D, 45 




31D, 


38 








F 




1.134 




.840 


1.614 


df 




43, 167 




46, 184 


21, 78 


F(.05) 




1.470 




1.454 


1.697 






NSD 




NSD 


NSD 


Log GM 




1.579 




1.037 


2.513 


SE 




.018 




.045 


.308 


N 




211 




231 


100 


GM 




38 




11 


326 



Group 



F 
df 
F(.05) 

Log GM 
SE 
N 
GM 



Stations 8, 


9 




Stations 27 


t - .4070 




.9113 


8 






14,54 


t(.05) 


= 2 


,306 


1.84 


NSD 






NSD 


2.172 






2.738 


.2450 






.027 


10 






69 


148 






547 



Group 



F 
df 
F(.05) 

Log GM 
SE 
N 
GM 



Stations 42-44 

.224 
2, 9 
5.12 

NSD 

2.105 

.045 

12 

127 
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TABLE 3 


- continued 


SURVEY 


MAY 27 - 31 


Group 




F 




df 




F(.05) 




Log GM 




SE 




N 




GM 





AUGUST 20 - 24 



OCTOBER 11 - 15 



Stations 15, 16 

t = .4477 

8 

t(.05) = 2.306 

NSD 
1.639 
.0745 
10 
44 



Group 



F 
df 
F(.05) 

Log GM 
SE 
N 
Of 



Stations 7, 9 




t - .3685 




6 




t(.05) = 2 


.447 


NSD 




1.998 




.0867 




8 




100 





Group 



Stations 26, 46 



t 
df 
t(.05) 

Log GM 
SE 
N 
GM 



.1582 
8 

2.306 

NSD 

2.3545 

.2716 

10 

226 
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TABLE 4 

Sunanary of Analysis of Variance Grouping of Stations 

Parameter - Fecal Coliform (FC)/100 ml 



SURVEY 


MAY 


27 - 31 


AUGUST 20 - 24 


OCTOBER 11 - 15 


Group 


All 


Stations 


All 


Stations 


All 


Stations 


F 




1.967 




6.526 




1.609 


df 




48, 185 




48, 195 




48, 176 


F(.05) 




1.447 
SD 




1.444 
SD 




1.450 
SD 



Group 





All 


stations 


All 


stations 




All 


station 




except 


except 




except 




8, 9, 43, 44 


5-10, 17, 18, 




2, 


34 








30, 


33, 34, 40- 


-44 






F 




1.134 




1.315 






1.458 


df 




44, 171 




32, 131 






46, 16 


F(.05) 




1.465 
NSD 




1 . 541 
NSD 






1.48 
NSD 


Log GM 




,1309 




.2181 






.2950 


SE 




.0156 




.0227 






.0235 


N 




216 




164 






216 


m 




1 




2 






2 



Group 





Stations 8, 9 


Stations 5-10 


F 




t 


= .679 


2.428 


df 




8 




5. 24 


F(.05) 


t( 


.05) 


= 2.306 
NSD 


2.620 
NSD 


Log GM 






.6624 


1.2660 


SE 






.1923 


.0999 


N 






10 


30 


GM 






5 


18 



Group 



Stations 43, 44 



Stations 41-44 



F 




t 


= .3102 


.3142 


df 




6 




3, 16 


F(.05) 


t( 


.05) 


= 2.447 
NSD 


3.24 
NSD 


Log GM 






.5841 


.6848 


SE 






.1725 


.0977 


N 






8 


20 


GM 






4 


5 



27 



TABLE 4 - continued 



SURVEY MAY 27 - 31 

Group 



t 
df 
t(.05) 



Log GM 
S£ 
N 
GM 



AUQUST 20 - 24 



Stations 33, 34 

1.416 
8 

2.306 
NSD 
.863 
.1417 
10 
7 



OCTOBER 11-15 



Group 



t 

df 
t(.05) 

Log GM 
SE 
N 
Gti 



Stations 17, 18 

.414 
8 

2.306 

NSD 

.7164 

.1011 

10 

5 
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TABLE 5 

Summary of Analysis of Variance Grouping of Stations 

Parameter - Fecal Streptococcus (FS)/100 ml 



SURVEY 


MAY 


27 - 31 


AUGUST 20 - 24 


OCTOBER 11 - 15 


Group 


All 


Stations 


All 


Stations 


All 


Stations 


F 
df 
F(.05) 




.677 
48, 185 
1.447 
NSD 




1.504 
48, 194 
1.444 
SD 




1.624 
48, 176 
1.450 
SD 



Group 





All 


stations 


All 


stations 


except 


All 


station 








2, 


7, 8, 9. ; 


LO 


1, 


2, 34, 43 


F 








1.070 






1.099 


df 








43, 174 






44, 163 


F(.05) 








1.468 
NSD 






1.468 
NSD 


Log GM 




.0859 




.2906 






.1655 


SE 




.0129 




.0238 






.0177 


N 




234 




218 






208 


GM 




1 




2 






1 



Group 



F 
df 
F(.05) 

Log GM 
SE 
N 
GM 



Stations 7 - 10 

.019 
3, 16 
3.244 
NSD 
.7513 
.1464 
20 
6 



Stations 1, 2 



.0127 



t(.05) = 2.447 

NSD 

.5765 

.1488 

8 

4 
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GLOSSARY OF TERMS 



ALKALINITY 



ANOXIC 

BACKGROUND COLONIES 



CHLORIDE 



CHLOROPHYLL a 
CONDUCTIVITY 



DIATOMS 



EPILIMNION 



EUPHOTIC ZONE 



EUTROPHIC 



:The alkalinity of a water sample is a measure 
of its capacity to neutralize acids. This 
capacity is due to carbonate, bicarbonate and 
hydrozide ions and is arbitrarily expressed as 
if all of the neutralizing capacity was due to 
calcium carbonate alone. 

: Refers to conditions when no oxygen is present. 

: Background colonies are other lake water bacteria 
capable of growing on the total coliform plate, 
in spite of the inherent restrictive conditions. 

: Chloride is simply a measure of the chloride 
ion concentration and is not a measure of 
chlorination. 

:A green pigment in plants. 

: Conductivity is a measure of the waters ability 
to conduct an electric current and is due to the 
presence of dissolved salts. 

:Unicellulr plants found on all continents and in 
all types of water where light and nutrients are 
sufficient to support photosynthesis. They are 
comprised of two siliceous frustules (cell walls) 
which have an outer valve (epitheca) fitting 
over the inner valve (hypotheca) like the lid on 
a box. The siliceous deposits comprising the 
frustules vary in regular patterns according to 
the individual species. 

:Is the thermally uniform layer of a lake lying 
above the thermocline. Diagram I. 

:The lighted region that extends vertically from 
the water surface to the level at which photo- 
synthesis fails to occur due to insufficient 
light penetration. 

rWaters containing advanced nutrient enrichment 
and characterized by a high rate of organic 
production. 
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EUTROPHICATION 



FECAL COLIFORMS (FC) 
FECAL STREPTOCOCCUS (FS) 



HARDNESS 



HYPOLIMNION 



KJELDAHL NITROGEN 



MESTROPHIC 



METAL IMNION 
OLIGOTROPHIC 



pH 



PHOSPHORUS (TOTAL) 



:The process of becoming increasingly enriched 
in nutrients. It refers to the entire complex 
of changes which accompanies increasing nutrient 
enrichment. The result is the increased production 
of dense biological growths such as algae and 
aquatic weeds which generally degrade water quality 
and render the lake unsuitable for many 
recreational activities. 

: Fecal coliforms are bacteria associated with 
recent fecal pollution from man and animals. 

: Fecal streptococcus are bacteria associated with 
fecal pollution from animals and to a lesser 
extent man. 

: Hardness of water is a measure of the total con- 
centration of calcium and magnesium ions expressed 
as if all of the ions were calcium carbonate. 

:The uniformly cold and deep layer of a lake lying 
below the thermocline, when the lake is thermally 
stratified. Diagram #1 

:Sum of nitrogen present in the ammonia and organic 
forms (it does not include nitrite or nitrate) , 

.•Waters characterized by a moderate nutrient supply 
and organic production (i.e. midway between 
eutrophic and oligotrophic) . 

:See thermocline. 

:Waters containing a small nutrient supply and 
consequently characterized by a low rate of 
organic production. 

: Is the measure of the hydrogen ion concentration 
expressed as the negative logarithm of the molar 
concentration. 

: Sum of all forms of phosphorus present in the 
sample. 
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SECCHI DISC :A circular metal plate, 20 centimeters in 

diameter, the upper surface of which is 
divided into four equal quadrants. Two 
quadrants directly opposite each other are 
painted black and the intervening ones white. 
The secchi disc is used to estimate the 
turbidity of the lake water. 

THERMAL STRATIFICATION :During the spring, vertical temperatures 

in a lake are homogeneous from top to bottom. 
As sumner advances, the surface waters become 
warmer and less dense than the underlying 
cooler waters. A strong thermal gradient 
(Thermocline) occurs giving rise to three 
distinct water layers. The variation in 
density between layers retards mixing by 
wind action and water currents. Diagram #1. 



THERMOCLINE 
(metalimnion) 



:The layer of water located between the 
epilimnion and hypolimnion in which the 
temperature exhibits a decline equal to or 
exceeding 1 C increase per meter. 



LAKE 



SURFACE 



Diagram iS'l 



EPILIMNION 



THERMOCLINE 
(METALIMNION) 



HYPOLIMNION 



TOTAL COLIFORMS (TC) 



TROPHIC STATUS 



I Total coliforms are bacteria commonly 
associated with fecal pollution but may 
also be present naturally in the emvironment 

: Depending upon the degree of nutrient 
enrichment and resulting biological 
productivity, lakes are classified into 
three intergrading types: 
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TROPHIC STATUS 

(continued) :ollgo trophic, mesotrophlc and eutrophlc. 

If the supply of nutrients to an ollgotrophlc 

lake Is progressively Increased, the lake will 

become more mesotrophlc In character and 

with continued enrichment It will become 

eutrophlc. 
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